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Abstract 
      The present work is concerned with the modelling of the solubility of solid compounds like 
Phenanthrene (PH), and Naphtalene (NA), as well as their mixtures, in supercritical fluids such as carbon dioxide.    
For the first two binary systems i.e. PH-CO2, the model combines the cubic Soave equation of state (EOS) 
and Redlich Kwong EOS and Peng Robinson EOS with the mixing rule (MR) of  van der Waals (VDW ) at constant 
temperature of 308.2K and a pressure range of 87.5-308.2 Bars. 
The obtained solubility of NA in supercritical carbon dioxide has been found to be higher than that of PH. This can 
be explained by the differences in the intermolecular interactions which are relatively weak for the case of NA. 
However, the model PR-VDW provides a better correlation than the others models for the solubility of Naphthalene 
and phenanthrene in supercritical CO2.
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1. Introduction  
 Supercritical fluids have an interesting combination of liquid like density and solvency, and gas 
like viscosity, diffusivity, compressibility, etc. This has greatly stimulated the development of various 
processes taking advantage of these properties, particularly for very sensitive application fields such as 
the food or pharmaceutical industries, and using in the most cases, supercritical carbon dioxide.  
Also the solid-liquid phase equilibria at high pressure data are imperatively required for the 
design of processes which make use of these supercritical fluids like supercritical fluid extraction. 
However these data are not always available and are often difficult to obtain experimentally, 
particularly at various operating conditions. To remediate to this problem, development of new 
thermodynamic models or improvement of existing ones are still the main objective of a great number 
of research works reported in the literature. . For instance some modifications brought to the traditional 
Peng Robinson equation of state have resulted in the development of a new equation by Soave which 
has been comparatively more successful in correlating data for various systems [1].  
Therefore in the supercritical conditions much efforts to improve solubility prediction, is 
necessary, as reported in [2] where it was stated that no reliable predictions of SFE can be obtained by 
means of the cubic EOS along with the usual van der Waals mixing rules and that the choice of the 
most appropriate mixing rule can be more important than the EOS itself. Consequently in the present 
work a new combination EOS-MR is tested for the solubility prediction of solid compounds like 
Phenanthrene (PH) and Naphthalene (NA), as well as their mixtures, in supercritical fluids such as 
carbon dioxide [3].  
However, for a given system, the designer remains always faced with the arduous task of 
choosing the most adequate model.  
2. Thermodynamic modelling  
The solubility of an organic solute in a supercritical fluid can be expressed as follows [4]: 
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with siP the pressure at saturation of solid at given temperature (bars), 
sf
iM the fugacity coefficient of 
supercritical fluid, siV the volume of solid at saturation (cm
3/mol), ), R : the universal gas constant 
(83.14 bar cm3/mol), T the system temperature (K), P the system pressure (bars), sfiy   the solubility of 
solute in the supercritical fluid. 
2.1a Two parameters equations of state (cubic equations) 
Usual common two parameters cubic equations can be expressed by the following equation [5]: 
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The three well known cubic equations of state i.e. that of Peng Robinson (PR), Soave (RKS) and 
Redlich-Kwong (RK), are obtained with u and w taking integer values, as shown in Table 1. Also the 
parameters a and b appearing in Equation 2,are calculated in terms of critical properties as also shown 
in Table 1.   
Table 1 Table 1: Parameters of the used equations of state [5] 
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It is necessary to know for both components, the critical temperatures (Tci, Tcj), pressures (Pci, Pcj) 
and the acentric factors of each component.
2.1b Three parameters equations of state [1]
x Equation of state of YLI : 
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x Equation of state of Patel Teja : 
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2.2 The mixing rules [1]
Two mixing rules have been used in this work and are described as follows: 
- The Van der Walls mixing rule  
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With kij and hij  the  interaction parameters  for molecules i and j.    
3. Results and discussion  
The obtained results are presented and discussed in the following sections. The predicted 
solubilities of PH and NA in supercritical CO2 by means of Soave equation of state using the VDW 
mixing rule are shown and compared with the experimental values in Figures 1 & 4.  
The different results obtained by the different combinations equation of state-mixing rule are all 
compared to the experimental values on the same plots as shown by Figures 1 & 4.
3.1Mixture CO2-Naphtalene-Phenanthrene with  
 3.1.a  Two parameters equations of state: 
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Figure 1 Solubility of Naphthalene in CO2 for the solid mixtures Naphthalene –
Phenanthrene T=308.2 K, k12=0.113, k13=0.098, k23=0.20, h12=0.9, h13=-0.98, h23=-0.1
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Figure 2 Solubility of Phenanthrene in supercritical CO2 for solid mixture Naphthalene –
Phenanthrene T=308.2 K, k12=0.113, k13=0.098, k23=0.20, h12=0.91, h13=-0.98, h23=-0.15
3.1.b Three parameters equations of state 
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Figure 3 Solubility of  Naphthalene  in supercritical  CO2 for solid mixture  Naphthalene 
–Phenanthrene  T=308.2 K,  k12=0.012, k13=0.040,k23=0.11, h12=-0.155, h13=-0.09, h23=-0.12 
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Figure 4 Solubility of Phenanthrene in supercritical CO2  for solid mixture  Naphthalene –
Phenanthrene  T=308.2 K, k12=0.012,k13=0.040, k23=0.1, h12=-0.155, h13=-0.09, h23=-0.12 
Fig 1 &4Prediction of the binary solubilities NA and PH at 308.2 K in supercritical carbon dioxide by 
five different models .Experimental data was taken from [1]. 
The five models are assessed according to the AARD as shown in Table 2 where PR-VDW provided the 
best combinations. 
Table 2: AARD for the 5 models thermodynamic models 
System PR-EOS RSK-EOS Soave-EOS YLI-EOS Patel Teja -
EOS 
CO2-
Naphtalene 
0.0095 0.017 0.08 0.84 0.85 
CO2-
Phenanthrene  
0.067 0.3227 0.3226 0.91 0.92 
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The model PR-‘EOS’ with VDW ‘MR’ provides a better correlation than the others models for the 
solubility of Naphthalene and Phenanthrene in the ternary mixtures. 
4. Conclusion 
Through the modeling of the solubility of solid compounds like Phenanthrene (PH), and Naphthalene (NA) as well as 
their mixtures, in supercritical fluids such as carbon dioxide, it was shown that the results accuracy depended greatly 
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on the EOS and the mixture rule used. Therefore one can see how important and difficult to make the choice 
of the best combination EOS-MR for a given system where much effort to improve the solubility 
prediction is necessary in the supercritical conditions.  
In the present study, five different combinations EOS-MR were tested and the PR-EOS- VDW-MR, 
combination showed the best results. Consequently it is necessary to develop rules which assist in making 
the best combination choice EOS-MR. Also great effort remains to be made to ultimately relate the nature 
or the chemical structure of the involved compounds to the choice of the best EOS-MR combination. 
5. Notation 
a, b  parameters in Eqns. 
u, w  constant  
k, l  binary interaction parameters 
P  Pressure (bars) 
V  volume (m3)
R  universal gas Constant (J mol-1 K-1)
T  temperature (K) 
y  solute solubility 
Z  compressibility factor 
Greek letters 
M  fugacity coefficient 
Subscripts 
i, j   components 
m  mixture 
m, n                      number of components 
Superscripts 
c  critical 
s  saturation 
f  infinite 
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